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ABSTRACT

An experiment was carried out, during the summer season, in Egypt to study the
effect of different dietary energy and protein levels on the productive performance of
laying hens under hot environments.

Nine dietary treatments were designed to contain three different levels of
metabolizable energy {2600, 2800 and 3000 Kcal ME/Kg) and three different levels of
crude protein (15, 17 and 19%). A number of 135 “Bovans Brown" laying hens, 24-
weeks-old, were used in a randomized 3x3 factorial design and every dietary
treatment was fed to 5 replicate groups of 3 hens each. The experimental diet Ty was
formulated according to feed requirements of “Bovans Brown” to represent the control
treatment diet.

At the end of the experiment egg production, egg weight, egg mass, feed
consumption and mortality rate were recorded. Energy intake, protein intake, feed
conversion ratio and live hody weight change were calculated. The economic
efficiency of egg production for hens fed the experimental diets was calculated.

The results showed that:

- Mean feed consumption significantly {P<0.05) decreased with the increase of
dietary energy level. However, no significant differences were detected lor feed
consumption betwean treatments due to dietary protein levels (15, 17 ang 19%CP).

- Birds fed the dietary energy level of 2800 Kcal ME/Kg and 18% CP recorded the
highest energy and protein intake values, while those received 3000 Keal ME/Kg
and 15% CP recorded the corresponding lowest values.

- Live body weight change was not affected by feeding different energy levels. While
the highest protein level (19%) significantly {P<0.05) increased body weight
compared vith the level of 15% CP. However, highest body weight change was
attained by hens fed 2800 Kcal ME/Kg and 19% CP.

- The highest egg number or egg production (%) was obtained by birds received 19%
CP and 2600 Kcal ME/Kg. While; hens fed diets contained 3000 Keal ME/Kg and
15%CP recorded the lowest egg production.

- £gg weight and egg mass values reduced as the energy level increased to 3000
Kcal ME/Kg and protein level decreased to 15% with significant difference
compared with the other lgvels of either energy or protein.

- The diet contained 3000 Kcal ME/Kg, and 15% CP recorded significantly {P<0.05)
the warst feed conversion ratio (FCR) value {2.80) while diets contained either 2600
ar 2800 Kcal ME/Kg, each with 19% CP recorded better FCR value that did not
ggniﬁcanﬂy differ {P>0.05) compared to the control (2800 Kcal ME/Kg, with 17%

P),

- Neither dietary energy nor protein levels affected mortality rate.

- The control treatment (containing 2800 Kcal ME/Kg and 17% CP) had recorded the
highest value of economic efficiency, which alse swmpassed all other treatments.
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Treatment (3) which received 2800 Kcal ME/Kg and 19% protein, recorded the

highest total feed cost.
Generally, it could be concluded that:

Under hot envirdnmental conditions, layirg hens fed diets containing 2600

Kcal ME/Kg and 18%CP recarded the highest egg number/hen but with high total feed
cost. While those fed diet containing 2800 Keal ME/Kg and 17%CP recorded the best
economic efficiency value. However, each project shouid have its special calculations
considering the important factors affecting its economics that are mainly related to
market mechanism and raw materials prices (feed cost).

INTRODUCTION

The term “heat stress” is often used to define the bird’s response to
wormier environments where some different or abnormal physiological
response, such as panting, is occurred {Leeson, 1986). The negative
influence of high ambient temperature on the performance of laying hens is
well documented (Leeson 1986). Temperature normally exerts its effect on
production by influencing food and for nutrients intake rather than by
changing nutrients requirements, although a direct effect of temperature on
growth and /or egg mass output may change nutrient requirements (Sauveur
and Picard, 1987).

Stilborn et al. (1988) indicated that feed consumption of laying hens
decreased significantly under high environmental temperature. Also dietary
energy concentration is a major factor influenced feed intake (Yamamoto and
Brobeck, 1965, NRC, 1994, Yalcin et al., 2001 and Al-Harthi et al., 2002).
Scoft and Balnave (1988) mentioned that although it is possible by
decreasing the ME concentration of the diet to increase the intake of other
nufrients, the response is partly offset by the fact that food intake does not
increase sufficiently to maintain similar intakes of energy. This appears to be
most important at hot environmental where energy intake is limited by
reduced appetite.

Morris (2004) reported that feed intake shows a curvilinear dependence
on environmental temperature. At temperature below the panting threshold,
performance can be maintained by adjusting the feed so as to maintain an
adequate intake of critical amino acids. Above the panting threshold, the hen
is unable to take in enough energy to maintain normal output.

The requirement of laying hen for protein does not remain constant as a
percent of the diet. The hen will vary its intake of food and subsequently of
protein depending on its requirement for energy. Level of egg production is
also a factor that should be considered {Attia, 1986). Number of reports has
shown that improving protein intake by increasing dietary protein
concentration only partially overcomes the adverse effect of high temperature
on egg output (Reid and Weber, 1975, Ei-Jack and Blum, 1978). On the other
hand, feed cost generally increases with increasing energy and protein levels.
Therefore, it is necessary to measure the response of laying hens to different
dietary energy and protein levels during hot weather.,
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This study aimed to compare the performance of laying hens fed different
distary energy and protein levels under hot environmental conditions, in
Egypt. '

MATERIALS AND METHODS

This experiment was carried out at Fac. Agric. Farm, Cairo Univ., under
hot environmental conditions where the maximum temperature ranged from
30 10 42°C.

A total number of 135 “Bovans Brown”, 24-wky old laying hens were
individually ‘weighed and randomly distributed inta the experimental
treatments. A randomized 3x3 factorial design was used with 5 replicate
groups of 3 hens each, fed one of the experimental diets (Table 1). The nine
dietary treatments were designed to contain three different levels of
metabolizable energy versus three different levels of crude protein as follows:

Energy (Kcal ME/Kg diet)

2800 2600 3000

17 T; Ts T

CP (0/0) 1 5 Tz T5 Ts
19 | Ts Te Ts .

The experimental diet T, was formulated according to feed requirements of
“Bovans Brown” io represent the control treatment diet. This study was
started from 24-weeks old and lasted to 48-weeks-old. Data of egg
production, egg weight, egg mass, feed consumption and mortality rate were
recorded. Energy intake, protein intake, feed conversion ratio and live body
weight change were calculated.

The chemical analyses of the experimental diets and excreta were
undertaken according to the methods of A.Q.AC. (1990). The economic
efficiency of treatments was calculated, based upon the difference hetween
the price of egg mass and feeding costs.

Data were statistically analyzed for ANOVA as 3x3 factorial arrangements
using the linear model (SX, 1992). Significant differences among means were
separated by Duncan's new multiple range test {Duncan, 1955} with 5% level
of prabability.

RESULTS AND DISCUSSION

Tabie {2) shows the effect of dietary energy and protein levels on egg
number, egg production %, egg weight and egg mass.

Egg number:

The jowest egg number (94.22 egg/fhen) was recorded by T5{15% CP and
3000 Kcal ME/Kg feed) and significantly differed (P<0.05) with the other
experimental treatments, while, the highest total egg number/hen was
obtained by Tg (19% CP and 2600 Kcal ME/Kg). Statistical analysis (Table 4)
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revealed that there was significant difference (P<0.05) between energy level
of 3000 Kcal ME /Kg and the other two dietary energy levels (2600 and 2800
Kcal ME/Kg). Also there was significant difference (P<0.05) between protein
level of 15% from one hand and 17 or 19% from the other hand.

These results are in agreement with those obtained by Vohra et al. (1979)
who found that high dietary energy did not improve egg production under high
environmental temperature. Pray and Gessel (1961) suggested that egg
output can be obtained at temperature up to 30°C by adjusting the
composition of the diet so as to maintain an adequate protein intake.

Table (1): The composition and calculated analysis of the experimental

diets.
Treatments
Ingredients 1 3 3 3 3 3 - B o
Yellow com $6.35 | 68.85 | 62.93 [ 58.12 | 61.12 [ 54.73 | 71.78 [ 75.00 | 68.11
Soybean meal (48) | 14.05 | 876 [ 19.70 [ 13.77 [ 13.75 | 19.13 | 2.80 | 245 | 366
Corn gluten meai 243 | 3.35 | 456 | 1.03 - 1.687 | 11.22 [ 10.28 | 13.48
Wheat bran 3.08 [ 577 [ 140 | 1286 [ 12,94 | 10.77 | 0.26 - -
Meatmeal (60%) | 351 | 1.9 - 317 - 240 | 2.03 - 2.80
Fish meal (72%) 0.56 [ 1.00 [ 1.50 [ 1.10 | 150 | 1.20 | 1.50 [ 1.10 | 155
Di-cal. phosphate | 1.64 | 1.83 | 2.00 | 1.57 | 1.98 | 1.63 | 1.44 | 2.15 | 1.72
Limestone 7.68 | 783 | 800 | 768 | 800 | 7.75 | 8.06 | 8.06 | 7.74
NaCl 033 { 033 ] 035 [ 033 [ 035 [ 033 | 0.33 | 037 | 033
DL.methionine 0.07 | 0.03 [ 006 | 0.07 [ 0.06 | 008 | - - -
Lysine HCI - 0.05 - 2 - p 0.28 | 0.29 | 0.31
Vit. & Min. mix. * 0.30 [ 030 [ 0.30 {030 { 030 | 0.30 [ 030 [ 0.30 | 0.30
Total 100 | 100 | 100 [ 100 [ 100 | 100 | 100 | 100 | 100
Chemical composltion ™:
Crude protein % 17.01 [15.02 ] 19 [17.02 ] 15.01 [ 19.02 | 17.02 | 15.00 [ 19.01
ME (Kcal/Kg ) 2800 | 2800 | 2800 | 2602 | 2601 | 2601 [ 3000 | 3000 [ 3000
Calcium % 352 | 350 | 350 | 350 | 350 | 350 | 3.50 | 3.50 | 3.50
Av. phosphorus % | 0.5 [ 0.50 | 0.50 | 0.50 [ 6.50 | 050 | 0.50 | 0.50 [ 0.50
Methionine % 036 | 031 ] 0.41 [ 036 [ 0.32 [ 041 [ 036 | 0.33 | 040
Met. + Cys. % 066 | 058 [ 0.73 [ 0685 | 058 [ 0.73 | 067 | 0.60 [ 073
[Lysine % 077 1 0.66 | 0.88 | 0.80 [ 0.73 [ 093 [ 0.75 | 0.66 | 0.84

*Each 3 Kg. contains :Vit.A 10,000,000 U, Vit.D, 1,000,000 ICU; Vit.E 10g; Vit.K 1g; Vit.B,
1g; Vit.B; 4g; Vit.B, 1.5g; Vit.Bs; 10mg; Niacin 20g; Pantothenic acid 10g; Folic acid
1g; Biotin 50mg; Chollne chleride (50%) 500g; Iron 30g; lodine 300mg; Zinc 45g;
Manganese 40¢g; Copper 3g.

~According to Tables of NRC (1984) and INRA (1986).

Egg production %:

The results of egg production followed the same trend values of egg
number. The lowest (P<0.05) egg production was recorded by birds fed diet
containing 15% CP and 3000 Kcal ME/Kg, while the highest total egg
production/hen was obtained for birds fed diet containing 19% CP and 2600
Kcal ME/Kg. The main effects revealed that the dietary energy level of 3000
Kcal ME/Kg and CP level of 15%, gave significant (P<0.05) less egg
production than the other energy and protein levels.
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Table 2. Effect of energy and protein levels on egg number, egg
production (%), egg weight and egg mass at the end of the
exparimental period.

| Treatments ltemn
Hen-day eg Hen-day egg | Egg mass
rﬂE Iﬁ:el FCP.I/eveI Nurmber ¢ produgtlon Egg!wefgh{ {kg eggs
( ca g} ( ’) eggs ! hejl @ [g egg; Ihen)
17 137.65 ab 81.92 ab 60.32 ab 8.303 ab
2800 15 126.93 bc 75.56 be 58.27 be 7.396'cd
19 142.50 a 8483z 61.12a 8.710a |
17 137.52 ab 81 86 ab 60.86 a 8.368 ab
2600 15 132.13 ab 78.66 ab 58.23 be 7.848 be
19 143.88 2 82652 58.78 abe B.457 ab
17 124.52 be T4.12 be 56.88 ¢ 7.095 cd
3000 15 94.22 ¢ 56.20 d 56.57 ¢ 5330 e
19 11246 ¢ 66.95 ¢ 59.01 abc 6.636 d
SEM 7.20 4.29 1,25 0.39
Main faciors:
2800 135.69 a B0.77 a 5990 a B.14 a
ME level 2600 137.84 a 82.05a 58,30 a 8.16 a
{kcalrkg) 3000 110.40 b 65.78 b 57.52b 6.350
17 133.23 a 7930 a 59.39a 7.92a
CP % 15 117.76 b 7017 b 57.69b 6.80b
19 132.95a 79.14 2 5064 a 7.92a
SEM 4,16 2.48 0.72 0.23
ME x CP NS NS | NS NS
a b means with different superscrlpt{s)in the same column are significantly

different (P < 0.05).
*Standard error mean for comparlson.

Egy weight:

Mean egg weight recorded higher (P<0.05) value for birds fed 17% CP
and 2800 Kcal ME/Kg, than those fed 17% CP and 3000 Kcal ME/Kg or 15%
CP and 3000 Kcal ME/Kg. The highest level of ME {3000 Kcal ME/Kg) or the
lowest CP (15%) showed significant (P<0.05) reduction in egg weight value,

As for high energy level (3000 Kcal ME/Kg), the low feed intake recorded
with such energy level (Table 3) perhaps affected egg weight value.

These results are in agreement with those obtained by Olomu and Offiong
(1983) and Shukla et al. (1988) who found that dietary protein level ranging
from 16-20% had no significant effect on egg weight. Other investigators
indicated that egg weight increased with feeding higher protein level. Ghawla
et al. (1976) found that protein requirements of " White Leghorn “pullets may
be 19% in the summer season.

Moreover, De Andrade ef al (1976) found that high nutrient density
increase egg weight. Valencia et al. (1980) found that egg weight was
increased with feeding higher protein level (12 vs. 20%). Also, Scott and
Balnave (1988} suggested that the increase in protein intake gave a
significantly improvement in egg mass output.
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and average body weight will- be reduced. It is well known that the
relationship between environmental temperature and energy intake is
curvilinear with food intake declining more steeply as ambient temperature
approaches body temperature (Marsden and Morris, 1987). As listed in this
study, increasing energy concentration of the diet from 2600 to 2800 Kcal
ME/Kg tended to increase (with no significant difference) body weight change
and this was more pronounced in the hot environments. While, the more
increase of energy concentration in the diet to 3000 Kcal ME/Kg failed fo
increase body weight change particularly in the hot environments. The results
obtained showed also that birds fed diets providing 3000 Kcal hZ/Kg and 15%
CP were smaller than those fed diets providing 2800 Kgal ME/Kg and 19% CP.
It appears that pullet growth is initially more sensitive to dietary protein level,
whereas energy intake becomes more critical as the bird approaches
maturity. These findings are in agreement with those obtained by Leeson and
Summers (1988) with “Leghorn” pullets. Accordingly, it could be stated that
the effects of temperature on the performance of laying hens are closely
related to its effect on their energy metabolism.

The results showed also the depression in laying hen performance
including egg production percentage, egg weight and egg mass particularly in
the hot enviranmental conditions as a result of the depression in feed intake.
in this connection, the effect of ambient temperature on egg weight has been
reviewed by various investigators (Miller and Sunde, 1975; Lillie et al,, 1976,
De Andrade et af., 1977 and Vohra et al., 1979). They concluded that sudden
or gradual exposure of layers to high environmental temperature, either
constant or cyclic, significantly decreased egg weight.

Generally, the best laying ben performance was obtained by feeding diet
providing 2600 Kcal ME/Kg and 19% CP, and no significant differences had
been detected either between ME levels of 2600 and 2800 or CP levels of 17
and 13%. While, the worst laying hen performance was found by hens whicn
received 3000 Kcal ME/Kg and 15% CP. However, all parameters measured,
except few cases, had been improved by the rzduction in environmental
temperature and humidity or nearty at the end of the experiment.

Generally, it could be concluded from these results that:
- Diet contained 2800 Kcal ME/Kg and 17% CP (control treatment) gave
the best economic efficiency value.
- Feeding diet contained 2600 Kcal ME/Kg and 18% CP recorded the
highest egg number/hen but with high total feed cost/hen.

Feed cost, which represents about 60-65% of the total costs of poultry
production operation, is an important factor affecting economics of the
project. However, each project should have its special calculations
considering the important factors affecting its economics, which are mainiy
related to market mechanism and raw materials prices (feed cost).

In such cases, it can be recommended that insulated buildings with
evaporative cooling are necessary in hot climates for optimum egg and meat
production.
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